The present study was designed to investigate the effects of alpha and beta adrenergic receptor blockers on caffeine-induced increase in canine hindlimb glucose uptake. The study was carried out on fasted male anaesthetized dogs divided into five groups (5dogs per group). Each dog was given a bolus injection of normal saline, caffeine (6mg/kg) caffeine after pretreatment with prazosin (0.2mg/kg). Caffeine (6mg/kg), caffeine after pretreatment with prazosin (0.2mg/kg), propranolol (0.5mg/kg) or combination of prazosin (0.2mg/kg) and propranolol (0.5mg/kg). The experiments were carried out under resting and exercising conditions of the hindlimb. Hindlimb glucose uptake (HGU) was calculated as the product of blood flow and arterio-venous glucose difference. Blood glucose was determined by the glucose oxidase method and blood flow to the hindlimb was determined by time-collection method. The results showed that pretreatment of the animal with either prazosin or propranolol significantly reduced caffeine-induced hyperglycemia, glucose extraction and hindlimb glucose uptake at rest. The two blockers also separately reduced caffeine-induced hyperglycemia during contraction of the hindlimb. Prazosin or propranolol did not however influence the effect of caffeine on glucose extraction and hindlimb glucose uptake during contraction of the hindlimb. It was therefore concluded that alpha and beta adrenergic receptors are involved in caffeine induced responses at rest and not during hindlimb contraction.
Introduction
Caffeine is a methylxantine commonly found in many food substances including coffee, chocolate, and tea Petrie et al, 2004; Robinson et al, 2004) . It is also found in kolanut which is a common masticatory in Nigeria (Ogutuga, 1975; Chukwu et al, 2006) . Caffeine is known to affect many tissues in the body including central nervous system (Costill et al, 1978; Fredholm et al, 1999) , respiratory system and carbohydrate metabolism (Greer et al, 2000; .
Reports on the effect of caffeine on glucose disposal in the body have been inconsistent depending in many cases on the animal species. For instance, while caffeine produced decreases in glucose uptake in human skeletal muscle (Graham and Spriet 1995; Greer et al, 2001; Han et al, 1998; Keijzers et al, 2002) , isolated adipose tissue (Steinfelder and Petho-Schramm, 1990 ) and rat contracting hindlimb (Vergauwen et al, 1994) , it caused significant increases in glucose uptake in canine hepatic tissues (Pencek et al, (2004) . Recently, we also showed that acute administration of caffeine to the hindlimb increased its glucose uptake by 272% and 411% at rest and during contraction respectively (Salahdeen and Alada, 2009) . When kolanut extract was administered to canine hindlimb under similar experimental conditions, the increase in glucose uptake by the contracting hindlimb was about 634%. Since the pattern of increase in glucose uptake in response to kolanut extract was essentially similar to that of pure caffeine, it was therefore suggested that the increases in glucose uptake caused by kolanut was due to the presence of caffeine in the extract.
The mechanisms by which caffeine/kolanut caused significant increases in glucose uptake by the canine hindlimb are not known. However, some workers (Han et al, 1998; Graham et al, 2000; Thong et al, 2002) have reported a slight but significant increase in plasma adrenaline levels following ingestion of caffeine in man. It is unknown whether the effect of caffeine on the glucose uptake in the hindlimb of dog is mediated entirely or in part by the reported increased plasma adrenaline level. Apart from adrenaline release, other mechanisms that have been suggested include: antagonism of adenosine receptors (Fredholm, 1998) , influx of Ca++ (Jensen et al, 2007; Wright et al, 2005) and inhibition of phosphodiestrase to increase cAMP (Fredholm et al, 1999) . Since adrenaline acts through both alpha and beta adrenergic receptors (Oyebola and Alada, 1997) . The aim of the present study was to find the contribution of adrenergic receptors in the mechanism by which caffeine increased hindlimb glucose uptake; the present study was therefore designed to investigate the effects of alpha and beta adrenergic blockers on the caffeine-induced increase in the hindlimb glucose uptake of dogs.
Materials and methods
Male mongrel dogs weighing 11-13kg were used for the study. Each animal was fasted for 18-24hr before the start of an experiment. Anaesthesia was induced by intravenous (i.v.) injection of sodium pentobarbitone, 30mg/kg. Light anesthesia was maintained with supplemental doses of i.v. sodium pentobarbitone as necessary. The trachea was intubated using endotracheal tube and the animal was allowed to breathe room air (25 0 C) spontaneously.
The right and left femoral veins and arteries were cannulated. The cannula in the right femoral vein was moved into an extracorporeal position and a non-crushing clamp was applied to its free end. The left femoral vein was cannulated for the administration of drug and left femoral artery was also cannulated and connected to a two-Channel physiographic recorder through pressure transducer model 7070 Gemini (Ugo Basil) to monitor blood pressure and heart rate.
The right femoral nerve was isolated and muscular contraction was induced by electrical square pulses of 0.2ms duration using electrical student stimulator to the nerve (Brooks Instruments, UK). The output voltage was limited to 10Hz for nonpainful muscle contraction for thirty minutes (Hamada et al, 2003) . At the end of surgical procedure, sodium heparin 300unit per kgbody weight was administered intravenously to prevent blood clotting. After all surgical procedures were completed, a 60-90 minutes stabilization period was observed. The blood flow to the hindlimb was measured by time collection of the blood from the right femoral vein as previously described by Oyebola and Durosaiye (1988) . Arterial and venous blood samples for glucose estimation were obtained from the cannula placed in the right femoral artery and vein respectively. After stabilization, basal measurements of the femoral venous blood flow, arterial and venous glucose were determined. The study was carried out on the right hindlimb of the dogs under two conditions viz: resting (basal) and during hindlimb muscle contractions conditions. The experiments were carried out on five groups of dogs:
Five dogs were studied. The blood samples for basal glucose measurements were obtained from both right arterial and venous cannulae. A bolus injection of normal saline (0.1ml/kg) was then given through the femoral vein. Blood pressure and blood flow measurements were recorded, while the arterial and venous blood samples for glucose estimation were obtained at 5min, 10min, 15min, 20min, 25min, 30min, 45min, 60min, 75min, and 90min post-injection. The procedures for blood flow monitoring, arterial and venous blood sampling were carried out during the hindlimb contraction and after stimulation of the nerve.
Group II: Five dogs were studied. Following collections of arterial and venous blood samples for basal blood glucose levels and basal recording of blood pressure and blood flow, a bolus injection of caffeine at a dose of 6mg/kg, was given i.v. through the femoral vein followed by stimulation of femoral nerve to produce hindlimb contraction for thirty minutes. The procedures for blood pressure, and blood flow monitoring, arterial and venous blood sampling were carried out as in group I at rest during the hindlimb contraction and after hindlimb contraction.
Group III: Five dogs were studied. The animals were pre-treated with prazosin (0.2mg/kg) and thirty minutes were allowed for the drug to take effect followed by i.v. injection of caffeine (6mg/kg). The procedures for blood pressure and blood flow monitoring, arterial and venous blood sampling were carried out as in group I at rest, during hindlimb contraction and after contraction.
Group IV: Five animals were pre-treated with propranolol (0.5mg/kg), and thirty minutes were allowed for the drug to take effect followed by i.v. injection of caffeine (6mg/kg). The procedures for blood pressure and blood flow monitoring, arterial and venous blood sampling were carried out as in group I at rest, during hindlimb contraction and after contraction.
Group V: Five dogs were pre-treated with both prazosin (0.2mg/kg) and propranolol (0.5mg/kg).After thirty minutes i.v. injection of caffeine (6mg/kg) was given. The procedures for blood pressure and blood flow monitoring, arterial and venous blood sampling were carried out as in group I at rest, during hindlimb contraction and after contraction.
Blood glucose measurement
Blood glucose was determined with one touch basic-plus glucometer. The meter was checked against the standard glucose solution at regular interval to ensure accuracy. Result of blood glucose measurement using glucometer correlates excellently with the results obtained from standard laboratory methods (Ajala et al., 2003; Devreese and Leroux-Roels, 1993) . Glucose uptake was calculated as the product of the (A-V) glucose and blood flow.
Data were analyzed using Microsoft Excel statistical package. All values given are the mean ±S.E of the variables measured. Significance was assessed by the analysis of variance (ANOVA) followed by a post hoc Fisher's PLSD test for multiple comparisons. P values of 0.05 or less were taken as statistically significant.
Results
The effects of caffeine on arterial blood glucose levels, arterio-venous difference (A-V) glucose, hindlimb blood flow and glucose uptake (HGU) are shown in table 1 and 2 and figures 1and 2.
Effects of caffeine on arterial blood glucose
Effects of caffeine on arterial blood glucose levels at rest and during hindlimb muscular contraction before and after adrenergic receptors blockade are shown in table 1. At rest, caffeine significantly increased arterial blood glucose levels. This increase in arterial blood glucose was immediate and remained sustained throughout the post-injection observation period. However, the increase in blood glucose levels was significantly reduced by prazosin and completely abolished by either propranolol or a combination of prazosin with propranolol.
Following hindlimb contraction, caffeine also caused significant increase in arterial blood glucose levels. There was however no significant difference in the increases in blood glucose levels produced by caffeine at rest and following hindlimb contraction. Pretreatment of the animal with either prazosin or propranolol significantly reduced the caffeine-induced increases in blood glucose levels during hindlimb contraction. Pretreatment of the animal with a combination of prazosin and propranolol also completely abolished the caffeineinduced increases in arterial blood glucose levels during hindlimb contraction.
Effect of caffeine on hindlimb blood flow
Effect of caffeine on hindlimb blood flow at rest and during hindlimb contraction before and after adrenergic receptor blockade is shown on figure 1. Figure 1a shows that caffeine produced significant decreases in blood flow to the hindlimb at rest. Pretreatment of the animal with either prazosin, or propranolol did not produce any significant difference in the effect of caffeine on hindlimb blood flow at rest. However a combination of the two blockers significantly reduced the effect of caffeine on the blood flow.
In Fig 1b however , hindlimb contraction significantly abolished the effect of caffeine on hindlimb blood flow. That is there were there significant increases in blood flow to the hindlimb even in the presence of prazosin or propranolol. In other words, the effect of caffeine on hindlimb blood flow was reversed during hindlimb contraction.
Effects of caffeine on (A-V) glucose
The effect of caffeine on hindlimb glucose extractions is shown in table 2. Caffeine significantly increased glucose extraction by the hindlimb at rest from basal value of 4.3 ±0.2 mg/dl to a maximum value of 29±1.5 mg/dl. Pretreatment of the animal with alpha-blocker, prazosin significantly reduced the maximum level of (A-V) glucose to 22 ± 0.5 mg/dl. Pretreatment of the animal with propranolol however, abolished the significant increase in (A-V) glucose caused by caffeine at rest.
When the hindlimb was contracted, caffeine increased the (A-V) glucose of the hindlimb from a basal value 4.3±0.3 mg/dl to a maximum value of 35±1.4 mg/dl. Pretreatment of the animal with either prazosin, propranolol or both prazosin and propranolol during the hindlimb contracting state caused significant reduction in hindlimb glucose extraction (not abolished) in response to caffeine. Figure 2a shows the effect of caffeine on the hindlimb glucose uptake in a resting hindlimb. Caffeine caused a significant increase in the hindlimb glucose uptake at rest. The hindlimb glucose uptake increased from 35.5 ± 4.2mg/min to 130.6 ± 2.6mg/min (268%). The increase in hindlimb glucose uptake caused by caffeine was significantly reduced by propranolol, while prazosin abolished it.
Effect of caffeine on hindlimb glucose uptake
Following hindlimb contraction, the glucose uptake increased significantly from 35.5±4.2 mg/min to 160.2 ± 2.3mg/min (350%). The increase in hindlimb glucose uptake caused by caffeine during contraction is however neither affected by prazosin nor propranolol (fig 2b) .
Discussion
The observed increases in blood glucose levels, hindlimb glucose extraction, and hindlimb glucose uptake at rest and during contraction following caffeine-induced hyperglycemia are consistent with our earlier findings in similar dog experiments (Salahdeen and Alada, 2009), where it was suggested that the increases in hindlimb glucose uptake and extraction are due to increases in arterial blood glucose levels. It was also proposed that the effect of caffeine on blood glucose levels could be a result of its stimulation of adrenal medulla to release adrenaline into the blood stream. Several studies (Graham et al., 2000; Greer et al., 2001; Keijzers et al., 2002; Thong et al., 2002; Pencek et al., 2004; Lee et al., 2005) have shown that administration of caffeine caused significant increases in the plasma adrenaline levels. Adrenaline is a well-known hyperglycemic agent (Deibert and DeFronzo 1979; Fain and GarciaSainz 1983; Alada and Oyebola, 1994) . The mechanism by which adrenaline increases blood glucose levels is well established. It involves both glycogenolytic and gluconeogenetic pathways in the liver and skeletal muscle (Akiba et al 2004) .
The significant reduction in the large hyperglycemic response to caffeine injection by prazosin or propranolol was of great interest. Previous workers have shown in man (Antonis et al, 1967) cat (Aljibouri et al, 1980) rat (Oyebola and Alada 1993) and dog (Alada and Oyebola 1996) that adrenaline-induced hyperglycemia was abolished by a combination of alpha-and betaadrenergic blocking agents. The later observations are consistent with the result of the present study whereby a combination of prazosin and propranolol abolished the effects of caffeine on blood glucose. The decrease in hindlimb glucose extraction and hindlimb glucose uptake produced by caffeine following pretreatment of the dog at rest with either prazosin or propranolol suggests the involvement of both alpha and beta adrenergic receptors in the effect of caffeine on hindlimb glucose uptake at rest. Failures of the two blockers to alter these variables during hindlimb contraction shows the non-involvement of both alpha and beta adrenoceptors in response to caffeine during hindlimb contraction. It is however instructive to note that the significant reduction in blood flow to the hindlimb in response to caffeine administration at rest was completely abolished during hindlimb contraction. In other words, caffeine had no significant effect on the blood flow to the hindlimb during contraction. Again, failure of the adrenergic receptor blockers to alter the effect of caffeine on the hindlimb blood flow during contraction shows that the adrenergic receptors are not involved in the effect of caffeine on blood flow during contraction of the hindlimb. Perhaps, the most significant result in this study on the mechanism of increased hindlimb glucose uptake in response to caffeine is the involvement of alpha and beta adrenergic receptors under resting conditions and not during hindlimb contraction.
In conclusion, the present study showed that alpha and beta adrenergic receptors are involved in caffeine-induced-hyperglycemia at rest and during hindlimb contraction. It also showed that while both alpha and beta adrenergic receptors are involved in caffeine induced increases in glucose extraction and hindlimb glucose uptake at rest, these receptors are not involved in caffeine-induced increases in glucose extraction and hindlimb glucose uptake during hindlimb contraction.
